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Indian Standard 

CODE OF PRACTICE FOR PREPARATION OF 
METALLOGRAPHIC SPECIMENS 

PART III ALUMINIUM AND ITS ALLOYS 
AND THEIR EXAMINATION 

0. FOREWORD 

0,1 This Indian Standard ( Part HI ) was adopted by the Indian Standards 
Institution on 31 July 1975, after the draft finalized by the Metallography 
and Heat Treatment Sectional Committee had been approved by the 
Structural and Metals Division Council. 

0.2 The primary object of metallographic examination is to reveal the 
constituents and the structure of metals and their alloys by means of the 
microscope. Because of the diversity in available equipment, the wide 
variety of problems encountered and the personal element, this standard 
gives for the guidance of the metallographer only those practices which 
experience has shown are generally satisfactory. 

0.3 This standard is being issued in parts. This part covers polishing, 
etching and examination of aluminium and its alloys. The other parts of 
this code are as follows: 

Part I General features 

Part II Electrolytic polishing 

Part IV Copper and its alloys and their examination 

Part V Iron and steel and their examination 

Part VI Lead and its alloys and their examination 

Part VII Magnesium and its alloys and their examination 

Part VIII Nickel and its alloys and their examination 

Part IX Precious metals and their examination 

Part X Tin and its alloys and their examination 

Part XI Zinc and its alloys and their examination 
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0.4 In the preparation of this standard assistance has been derived from 
ASTM, E-3-62 'Standard methods of preparation of metallographic 
specimens', issued by the American Society for Testing and Materials. 



1. SCOPE 

1.1 This standard ( Part III ) covers the polishing, etching and examination 
of aluminium and its alloys. 

2. POLISHING 

2.0 Obtain a plane surface and remove sawmarks by rubbing on a medium 
mill file. After the file cut, rub the specimen successively on No. 0,00, and 
000 metallographic emery papers coated with a solution of paraffin in 
kerosine to keep the specimen bright and prevent embedding of particles of 
the abrasive in the surface. 

2.1 If a suitable microtome is available a more staisfactory surface can be 
obtained by using it to replace the two operations described above. 

2.2 Perform the first wet polishing operation on a broadcloth covered wheel 
rotating at about 300 rev/min. A water suspension of aluminium 
oxide is generally used as the abrasive. This mixture is conveniently 
prepared by placing a quantity of the abrasive in a flask of water 
and shaking until it is in suspension. It can then be supplied to the 
wheel directly from the flask while the specimen is held in contact with the 
broadcloth. The aluminium oxide tends to settle, so the flask should be 
shaken frequently during the early stages of polishing. As polishing 
progresses, however, the coarser abrasive should be washed from the wheel 
with a. stream of water from a wash bottle and a suspension used from 
which the coarser particles have been settled out. 

2.2.1 Polishing may be done with alternative polishing fluids containing 
diamond paste ( 05 to 2 microns size ), chromium oxide, etc. 

2.3 Perform the final wet polishing operation on a wheel covered with 
'kitten's ear' broadcloth and rotating at about 150 to 200 rev/min. 
Moisten the cloth thoroughly with distilled water and work heavy magne- 
sium oxide powder into it with the fingers or palm of the hand, brushing 
away any coarse particles. Keep the cloth moist with distilled water at all 
timep during polishing and near the end of the operation, wash nearly free 
of^aorasive, finishing the polishing with the wheel rotating slowly and using 
a plentiful supply of water. This final polishing shall be done very carefully, 
varying the pressure and time of polishing with the alloy and temper of the 
specimen. The polishing on this second wheel should remove all striations 
from the aluminium oxide cut and the specimen should frequently be 
turned through 180° to avoid surface flow. 
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Note 1 — New polishing cloths should be boiled in distilied -water for several hours 
prior to use in order to soften the fibres. When not in use, the cloth should be kept 
in distilied water slightly acidified with hydrochloric acid. 

Note 2 — Several grades of magnesium oxide are prepared specifically for metallo- 
graphic use and have been found satisfactory for polishing other metals. When 
used for aluminium, however, the caustics they contain result in undesirable etching. 

Note 3— While using magnesium oxide for polishing aluminium, it is desirable 
to prepare the oxide as follows from the point of view of eliminating coarse particles 
and the caustics it may contain: 

Mix the oxide with plenty of distilled water at least a day earlier to polishing. 
Transfer the mixture to a container carefully to hold back any coarse particles. 
The mixture of fine powder and the water in the container is left undisturbed for 
overnight so that the powder settles to the bottom. On the day of polishing the 
clear water is carefully poured out leaving a thick slurry in the container. This is 
used for polishing. 

2.4 When polishing is complete, wash the specimen in a stream of warm 
water and dry by blowing the excess water from the surface. Do not rub 
the polished surface or rub on anything thereafter. Specimens will retain 
their finish indefinitely if kept in a desiccator or sterilizer cabinet where 
dust, dirt, and moist gases from the atmosphere will not collect on the 
surface. 

2;5 Specimens to be examined macroscopically need not be polished as 
carefully as those for microscopical examination. If large enough, they may 
be suitably prepared by machining the surface on a shaper or lathe using 
the recommended practice for machining aluminium. Small specimens may 
be prepared by rubbing on several grades of abrasive paper. 

3. ETCHING 

3.1 In Table 1 are given the etching reagents commonly recommended for 
aluminium and its alloys. 

3.2 The constituents of the etching reagents specified in the Table 1 should 
conform to the following Indian Standards: 

Constituents Indian Standard 

Glycerine IS: 1796-1961 Crude glycerine and refined 

glycerine 

Hydrochloric aci u^ IS: 265-1962 Hydrochloric acid (revised) 
Nitric acid 18:264-1968 Nitric acid ( first revision ) 

5 
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Constituents Indian Standard 

Sodium hydroxide IS: 376-1969 Sodium hydroxide, analytical 

reagent ( first revision ) 

Sulphuric acid IS: 266-1961 Sulphuric acid ( revised ) 

Sodium carbonate IS: 296-1965 Sodium carbonate, anhydrous 

( revised ) 

Distilled water IS: 1070-1960 Water, distilled quality ( first 

revision ) 

3.3 Two methods of etching are referred to in Table 1, swabbing and 
immersion. Swabbing gives generally uniform and satisfactory results and 
is especially desirable for preparing surfaces for photography or identifica- 
tion of constituents. For macroscopic examination, however, etching by 
immersion is preferred unless the specimen is too large. When the 
immersion method is used, the specimen should not be held in the tongs 
during etching as they are of a different alloy and may effect the etching rate. 

3.4 It is very important to control the temperature of the specimen and the 
reagent, the time of etching, and the concentration of the reagent in order 
to secure the best results. 



4. EXAMINATION AND IDENTIFICATION OF CONSTITUENTS 

4.1 The first attempt to identify constituents is made on the unetched 
specimen, using colour and manner of occurrence as a means of differenti- 
ation. Examination at a magnification of 500 X using a 4-mm objective 
and a 10 X ocular is recommended. 

4.2 For judging the colour it is recommended to employ light approximat- 
ing daylight. Addition of an Eastman No. 78A filter ( which has a bluish 
tint ) converts the light of a 5-A carbon arc with Eastman neutral tint filter 
to that of approximately daylight. Any white light will give about the same 
results, although the bluish tints aid in the separation of the different 
constituents. 

4.3 The schematic diagram shown in Fig. 1 has been proposed as a guide in 
t]a£ identification of constituents. It is, of course, subject to the limitations 
of any etching procedure, but should prove adequate in the majority 
of cases to determine the alloy type or general composition. Some 
experience is necessary for the satisfactory ident : *jation of constituents. 
Such experience js usually gained by a study of standard samples contain- 
ing known constituents. 



TABLE 1 ETCHING REAGENTS FOR ALUMINIUM AND ITS ALLOYS 

{Clauses 3.1 and 3.2) 

Remarks Use 

(3) (4) , 





Etching Reagent 


Composition 




(1) 
1. Hydrofluoric acid 


(2) ■ 


No. 


HF 
H^O 


05 ml 

99*5 ml 


No. 


2. Sodium hydroxide 


NaOH 
H.O 

or 


lg 
99 ml 






NaOH 
H a O 


10 g 

90 ml 


No. 


3. Sulphuric acid 


H 2 S0 4 
H a O 


20 ml 
80 ml 


No. 


3A. Sulphuric acid 


H 2 S0 4 
H a O 


10 ml 
90 ml 


No. 


4. Nitric acid 


HNO s 
H a O 


25 ml 
75 ml 


No. 


5. Keller's etch 


HF 
HCl 
HNO s 
H a O 


1-0 ml 
1*5 ml 

2*5 ml 
95*0 ml 



Swab with soft cotton for 15 se- 
conds 

Swab for 10 seconds 



Immerse for 5 seconds at 70°C 
rinse in cold water 

Immerse for 30 seconds at 70°C, 
quench in cold water 



Immerse at 60 to 70°C 



Immerse for 40 seconds at 70°C, 
quench in cold water 

Immerse for 10 to 20 seconds, 
wash in stream of warm water 



General; microscopic 
General; microscopic 



Can be used for both micro- 
and micro-etching 

Aluminium - coper - iron - 
manganese from alumi - 
nium- iron -manganese or 
aluminium-copper-iron 



FeAl, 



Aluminium-iron-silicon from 
FeAl a ; microscopic 

Microstructure of duralumin 
type alloys 



( Continued ) 
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TA3LE 1 ETCHING REAGENTS FOR ALUMINIUM AND ITS ALLOYS — Contd 



oo 



Etching Reagent 
No. 6. Flick's etch 
No. 7. Tucker's etch 

No. 8. Vilella's etch 
No. 9. Double etcb 



No. 10. Bosserfs etch 



Composition 


(2) 




HF 


lOrnl 


HC1 


15 ml 


H a O 


90 ml 


HF 


15 ml 


HC1 


45 ml 


HN0 3 


15 ml 


H a O 


25 ml 


HF 


2 parts 


HNO s 


1 parts 


Glycerin 


3 parts 


Solution A 


HNO, 


25 ml 


H a O 


75 ml 


Solution B 


NaF 


0*5 g 


HNO s 


10m 


HC1 


20 ml 


H.O ! 


?7-0 ml 


NaOH 


lg 


Na 2 CO a 


lg 


Water 


94 ml 


Add to this solu- 


tion 4 


ml of a 


solution 


contain- 


ing 0-5 


percent 


each of ZnCI 2 


and SnCl 9 



Remarks 

(3) 

Immerse for 10 to 20 seconds, 
wash in warm water followed 
by dip in HNO a 

Etch by immersion 



Immerse for 60 seconds in Sol. A 
at 70°C, quench in cold water. 
Then immerse in Sol. B for 15 
to 30 seconds, wash in stream 
of warm water 



Immerse specimen for 3 to 5 
min until etched surface be- 
comes coated with heavy 
black deposit. Remove de- 
posit by immersion in HNO s 
(sp gr 1*42). Wash with water 



Use 

(4) 

Macroscopic etching 



Macroscopic 



General 



This method is used for de- 
termining quality of heat 
treatment of duralumin 
alloys and presence of 
CuAl 3 precipitate at grain 
boundaries 



This method is used for re- 
vealing the microstructures 
of the hard-rolled and ann- 
ealed tempers of duralu™ 
min-type alloys 
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POLISH CAREFULLY USING HEAVY MAGNESIUM OXIDE POWDER UNTIL SURFACE IS 
BRIGHT WITH HIGH REFLECTIVITY. EXAMINE WITH 4mm OBJECTIVE AND 10 x OCULAR USING WRATTEN 
FILTER No.78 OR 78A AND NEUTRAL TINT FILTERS. MATRIX SHOULD APPEAR WHITE 

AND PARTICLES OF CONSTITUENT BE CLEARLY REVEALED 



UNETCHED 



SILICON 

SLATE GREY 
EASILY RECOGNISED 



I 



CuAI 2 

CLEAR WITH PINK 
TINGE IN RELIEF- 
LIGHTS UP 



X 



Mg 2 Si 

SLATE GREY TO 

INDESCENT BLUE- 

TARNISHES 



P Al-Mg 

VERY FAINT WATERY 



1 



Ca5i 2 

GREY 
TARNISHES EASILY 

1 



ETCHED :0-5V.HF-15 SECONDS- SWAB 



J_ 



SLIGHTLY FADED 

CONTRAST WITH 

GREY CONSTITUENT 

REDUCED 



CLEAR WHITE 
HEAVY BOUNDARIES 



TARNISH REMOVED 

BRIGHT BLUE 
PARTIALLY DISSOLVED 



m 



LIGHT WATERY 
PITTED AND 
OUTLINED 



COLOURED BLUE 
HEAVILY 
OUTLINED 




-r 



clAI-Cu-Fe 

GREY 



X 



NiAI 3 

LIGHT GREY 

PURPLE TINGE! 



ETCHED: 0-5*/. 



HF-15 



X 



Al-Fe-Mn 

LIGHT GREY 



X 



X 



Al-Mn-Si 

LIGHT GREY 
BUT DARKER 
THAN Al-Mn 



X 



Al-Cu-Fe-Mn 

LIGHT GREY 



X 



FeAl 3 

PURPLISH 

G9EY 



X 



X 



<tAl-Fe-Si 

PURPLISH 
GREY 



Al-Mn 

FLAT GREY 



0Al-Cu-Fe 

GREY 



IL 



Al-Cu-Ni 

PURPLISH 
GREY 



X 



SECONDS -SWAB 



ETCHED: 5 V. HF-15 SECONDS-SWAB 



CONSTITUENT ATTACKED OR COLOURED 



COLOURED 

BLACK 

Al-Cu-Mn 




COLOURED 
BLACK 

Al-Cu-Mg 



COLOURED 
BLACK 

£Al-Fe-Si 

I 



X 



X 



COLOURED 
BLACK 

otAI-Cu-Fe 



X 



I 



BLUE TO 
BROWN 

NIAL 



X 



EVEN BROWN 

Al-Fe-S 



ROUGHNED 
AND DARKEND 

Al-Mn-Si 



X 



ROUGHNED 
BLACK TO 
BROWN 

Al-Cu-Fe-Mn 
■ — 



CONSTITUENT NOT ATTACKED OR COLOURED 

REPOllSH 
ETCHED:20V. HySO^AT 70°C-30 SECONDS-QUENCH 

I l 



CONSTITUENT ATTACKED OR COLOURED CONSTITUENT NOT ATTACKEO OR COLOURED 



REPOLISH 
ETCHED:20V.H2S0 4 AT 70 C-30 SECONDS-QUENCH 

1 



FeAI 3 
CCAl-Fe-Si 



CONSTITUENT ATTACKED OR COLOURED 

I 



CONSTITUENT NOT ATTACKED OR COLOURED 



X 



1 

REPOLISH 
ETCHED* 25 '/.HN03 AT 
70°C-40 SECONDS-QUENCH 



X 



Al-Mn 

0AI~Cu-Fe 

Al-Cu-Ni 



Al-Mn-Si 
Al-Cu-Fe-Mn 



— — , 

REPOLISH 
ETCH 25V,HN0 3 AT 70°C-40 SECONDS 
QUENCH 



Al-Cu-Mn 
Al-Cu-Mg 



NiAl 3 
Al-Fc-Mn 



o!Al-Cu-Fe 
&Al-Fe-Si 



CONTRAST 
BETWEEN 
FeA^ANDdAI-Fe-Si 
IMPROVED 



_r 



REPdLISH 
ETCHED :1V.NaOH-10 SECONOS 
SWAB 



CONSTITUENT NOT 

ATTACKED OR COLOURED 

I " 



_X_ 



CONSTITUENT COLO- 
URED BLUE TO BROWN 



REPOLISH REPOLISH 

ETCH 1 V. NaOH-10 SECONDS-SWAB ETCH 10'/.NaOH AT 70^- 5 SECONDS 



ySAl-Cu-Fc 
Al-Cu-Ni 



Al-Mn 



ATTACKED OR 
COLOURED 



r 



NOT ATTACKED 
OR COLOURED 



ATTACKED OR 
COLOURED 



Al-Mn-Si 



Al-Cu-Fe-Mn 



X 



1 



Al-Cu-Mg 



NOT ATTACKED 
OR COLOURED 
I 



ATTACKED OR 
COLOURED 



Al-Cu-Mn 



X 



NOT ATTACKED 
OR COLOURED 



oCAl-.Cu-Fe 



jSAl-Fc-Sl 



ETCHED 10*/. NaOH AT 70 C- 5 SECONDS 
I ■ ', I 



CONSTITUENT NOT COLOURED 
OR APPRECIABLY ATTACKED 
"I 



CONSTITUENT ATTACKED 
PITTED-COLOURED LIGHT BROWN 



Al-Cu-Ni 



/3Al-Cu-Fe 



Fig. 1 Guide for Identification of Constituents in Aluminium Alloys 
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